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FIGURES PAGE

Fig. 1 Single module of a panel with T-shaped stringer. (Axial load N, acts normal 149
to the screen).

Fig. 2 Panel with T-shaped stringers. There are three modules in this example. 149

Fig. 3 Panel module with hat-shaped stiffener. 150

Fig. 4 Height of the stiffener is measured from the top of the stiffener base to the 150
middle surface of the flange.

Fig. 5 Schematic of locally buckled panel, showing how bending of the stringer web 151
gives rise to local tension in the plane of the web normal to the panel skin at
the stringer line of attachment. This tension tends to peel the web from the
panel skin, causing stiffener pop-off.

Fig. 6 Proper design of a T-peel test specimen that reproduces the local behavior 152
near the root of the web of a stringer of a locally buckled panel that leads to
stringer pop-off.

Fig. 7 Failed T-peel test specimen. In this case graphite-epoxy cloth is bonded to 153
graphite-epoxy tape. The peel test simulates the behavior near the root of
one of the webs of a hat-stiffened panel buckling locally is shown in Fig.
20(a).

Fig. 8 Sign convention for pressure and curvature. In PANDA2 the following rules 154
hold:
(1) The stringer is always "on top" of the panel skin;
(2) If the panel is curved the user always supplies a positive number for the
radius of curvature;
(3) If the user specifies "external stringer" the panel curvature will be pos-
itive, as shown in (b);
(4) If the user specifies "internal stringer" the panel curvature will be neg-
ative, as shown in (c);
(5) If there are no stringers the curvature will be positive, as in (d);
(6) Positive pressure always pushes upward; negative pressure always
pushes downward, no matter what the curvature is or where the stiffeners
are.

Fig. 9 Typical panel module cross section, coordinates, segments, nomenclature. 155

Fig. 10 Exploded view, showing layers and (Segment, Node) numbers. 155

Fig. 11 Positive in-plane shear, winding (layup) angle. 156

Fig. 12 Panel with three hat modules. 156

Fig. 13 Single panel module with hat stiffener. 157

Fig. 14 Plan view of a single panel module used in the development of the integrated 157
constitutive law Cij for the panel with smeared stringers and rings.
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Fig. 15 a) View of a panel module cross section, showing the old reference surface 158
located at the skin middle surface, and the new reference surface located a

distance D below the skin middle surface. (D will be positive in the figure

above.)
Fig. 15 b) Elevation of panel, showing reference surface at skin middle surface, axial 158

resultant N, moment M, strain e, and curvature change k.

Fig. 15 c) Elevation of panel, showing reference surface near the neutral plane, shift 158
D, axial resultant N', moment M', strain e', and curvature change k.

Fig. 16 Segment numbering in this sketch corresponds to numbering used for pur- 159

poses of providing input data. The number of discretized BOSOR4-type

segments into which the panel module is divided depends on whether or not

the length b2 is greater than w 2.

Fig. 17 Segment numbering for discretized single module models of the hat-stiffened 160

panel for the case for which b2 > w2 .

Fig. 18 (Segment, Node) pairs for stress output for hat-stiffened panel module for 161

the case for which b2 > W2.

Fig. 19 Segment numbering for wall construction list that follows. 162

Fig. 20 Discretized model of hat-stiffened module with local bifurcation buckling 163

mode and wide column buckling mode.

Fig. 21 (a) 27-segment BOSOR4 model of the entire hat- stiffened panel. This 164

model was automatically generated with use of the PANEL processor. (b-g)

Buckling modes and load factors A corresponding to buckling between rings

(in this case buckling over the entire length of the panel, since there are no

rings.) Only the fifth and sixth modes represent general instability. The in-

plane shear load of 1000 lb/in is neglected in the calculation of these buckling

load factors and modes. The fifth mode load factor, A = 2.912, times the

knockdown factor for in-plane shear, FKNOCK(4)=0.916, should be com-

pared to the wide-column buckling load predicted by PANDA2: Awidecolumn
= 2.61.

Fig. 22 Discretized model of tee-stiffened module with (a) local bifurcation buckling 165

mode and (c) wide column buckling mode. These results correspond to a

test performed at NASA [5] on a flat, graphite-epoxy panel under pure axial

compression.

Fig. 23 Comparison of axial strain at a local buckle peak from test [5], STAGSC- 166

I analysis [5], and PANDA2 analysis for axially compressed, Tee-stiffened,

graphite-epoxy flat panel. (adapted from Fig. 13c of [5])

Fig. 24 Comparison of membrane axial strain from test [5], STAGSC-1 analysis [5], 167

and PANDA2 analysis for axially compressed, tee-stiffened, graphite-epoxy

flat panel. (adapted from Fig. 14 of [51)
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Fig. 25 Buckling of uniformly axially compressed, simply supported, plus-and-minus 168
45-degree angle-ply square plate with an infinite number of layers, with and
without accounting for transverse shear deformation.

Fig. 26 Blade stiffened panel modules that comprise the 30-in.-square simply sup- 169
ported panels under axial compression and in-plane shear analyzed by Stroud,
Greene and Anderson at NASA Langley [15].

Fig. 27 Bifurcation buckling load-interaction curves obtained from PANDA2 and from 170
a finite element model (EAL) for the four blade stiffened panels identified in
the previous figure.

Fig. 28 Hat and J stiffened panel modules that comprise the 30-in.-square simply 171
supported panels under axial compression and in-plane shear analyzed by
Stroud, Greene and Anderson at NASA Langley [151.

Fig. 29 Bifurcation buckling load-interaction curves obtained from PANDA2 and from 172
a finite element model (EAL) for the hat and J stiffened panels identified in
the previous figure.

Fig. 30 Bifurcation buckling load-interaction curves obtained from designs optimized 173
with use of PANDA2: (a) Optimum design with use of the wide column
buckling load factor as a design constraint; (b) Optimum design with neglect
of the wide column buckling load factor as a design constraint.

Fig. 31 Optimum design of hat-stiffened, graphite-epoxy panel designed to survive 174
3000 lb/in uniform axial compression. Several panels were fabricated to this
specification and tested.

Fig. 32 Predicted locations of critical stresses in the locally postbuckled, axially com- 175
pressed, hat-stiffened, graphite-epoxy panel.

Fig. 33 Test setup for buckling of small (18 x 11 inch) flat panel under axial com- 176
pression.

Fig. 34 Test setup for buckling of large (30 x 27 inch) curved panels under axial 177
compression.

Fig. 35 Southwell plots for the three large panels tested to failure under pure axial 178
compression.

Fig. 36 (a) 27-segment BOSOR4 model of the panels that were tested and (b) pre- 179
dicted general instability mode shape. The predicted critical total axial load,
Per = 125000 lbs compression. This prediction should be compared with the
predictions shown on the previous figure from the inverse of the slopes of the
Southwell plots.

Fig. 37 Photograph of the local deformation of one of the soft aluminum end plates 180
that occurred directly over one of the stringers in Panel 2. This end plate was
fabricated from 6061T4 aluminum stock, which had a 26 ksi yield stress. No
such deformations were observed in the end plates of Panels I and 3. These
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other harder end plates were fabricated from 6061T6 aluminum stock, which

had a 56 ksi yield stress.

Fig. 38 Load-strain curves for axially compressed large Panel No. 1. 181

Fig. 39 Panel No. I after testing. The failure mode consists of vertical fractures that 182

occur where the thickened base under the hat stiffeners tapers down to the

skin thickness. Failure is due to excessive stresses caused by sharp changes

in skin curvature that occur in the locally postbuckled panel. These large

stresses are predicted by PANDA2.

Fig. 40 Load-strain curves for axially compressed large Panel No. 2. 183

Fig. 41 Load-strain curves for axially compressed large Panel No. 3. 184

Fig. 42 Axial strain at inward and outward buckles midway between stringers 2 and 185

3 in Panel No. 1.

Fig. 43 Hoop strain at an inward buckle midway between stringers 2 and 3 in Panel 186

No. 1.

Fig. 44 Hoop strain at an inward buckle midway between stringers 2 and 3 prior to 187

secondary bifurcation and at an outward buckle at the same location after

secondary bifurcation, Panel No. 2.

Fig. 45 Hoop strain next to the stringer bases in the middle bay at an inward buckle 188

prior to secondary bifurcation and at an outward buckle after secondary bi-

furcation, Panel No. 2.

Fig. 46 (a) Blade stiffened aluminum panel. Loading is uniform axial compression 189

N., or uniform pressure p or combinations of axial compression and pressure.
(b) Discretized model of a single panel module.
(c) Local buckling mode is induced by imposing antisymmetrical normal

displacement w about the attachment line of the stringer to the panel skin.

(d) Wide column (general) instability is induced by imposing symmetrical

w about the attachment line of the stringer to the panel skin.

Fig. 47 Discretized model used for the STAGSC-1 analysis of the panel under uniform 190

normal pressure p. The STAGSC-1 model for the case with uniform axial

compression N., is analogous, although the compression model has an extra

finite element on either side of the stringer not at the edge and runs the entire

30-inch length rather than having a symmetry plane at midlength.

Fig. 48 Load-end-shortening for uniformly axially compressed panel. Local buckling 191

pattern has five axial half-waves. The STAGS result shows more axial stiff-

ness because the STAGS model has stringers at each edge (4 stringers in a

width of 24 inches), whereas the PAN DA2 model has 3 stringers in the width

of 24 inches.

Fig. 49 Normal deflection w at the center of the panel. The bifurcation buckling load 192

factor predicted from STAGSC-1 is 336 lb/in., compared with PANDA2's
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prediction of 319 lb/in.. The difference is due to the axial restraint at the
loaded end of the panel, present in the local bifurcation buckling problem in
the STAGS model but absent in the local bifurcation buckling problem in the
PANDA2 model.

Fig. 50 Normal deflection w as predicted by STAGS and PANDA2 (a) along half the 193
length of the panel in the middle bay and (b) across half the width at the
midlength symmetry plane.

Fig. 51 Normal deflection w as predicted by STAGS and PANDA2 (a) along half the 194
length of the panel in one of the side bays and (b) across half the width at
one quarter of the length.

Fig. 52 Maximum transverse ("hoop") strain in the panel skin under the stringer that 195
is not at the edge of the panel, at axial node no. 10. The strains plotted here
correspond to the "minus" side of the stringer. These include the largest
strain anywhere in the panel.

Fig. 53 Maximum axial strain in the panel skin at the midwidth of the panel. The 196
STAGSC-1 results correspond to a point at axial node no. 10.

Fig. 54 Local axial resultant, N,(Iocal), in panel skin for various average axial loads 197
N./NC. STAGS results correspond to values at the axial symmetry line in
the bay that includes the center of the panel.

Fig. 55 PANDA2 prediction for the normal deflection w at the center of the panel 198
loaded only by uniform pressure p. In this PANDA2 model the stringers are
smeared out, the panel width (y coord.) is discretized with 36 nodes, and
displacements are assumed to vary along the length (x coord.) as follows:

U(x,y) = u(y)sin(n7rx/L), V(x,y) = v(y)sin(2n7rx/L), W(x,y) - w(y)sin(n7rx/L).

Fig. 56 PAN DA2 prediction for the normal deflection w at the symmetry plane midway 199
between stringers for a single-module (discrete stringer) model of a panel
loaded only by uniform pressure. In this model the single panel module is
discretized as shown in Fig. 46(b); bending of the stringer in its plane is
prevented; the panel module is assumed to be infinitely long normal to the
plane of the paper; and the membrane prestress state at the center of the
panel calculated from the model shown in the previous figure is included in
the nonlinear equilibrium analysis.

Fig. 57 PANDA2 and STAGS predictions of the normal displacement w at the center 200
of the panel. The PANDA2 prediction is obtained by adding results shown in
the previous two figures.

Fig. 58 Comparison between predictions of PANDA2 and STAGS for the normal dis- 201
placement w (a) across the panel at the axial symmetry plane and (b) along
the panel at its midwidth at a pressure, p = 1.0 psi.
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Fig. 59 Comparison between predictions of PANDA2 and STAGS for the normal dis- 202
placement w (a) across the panel at the axial symmetry plane and (b) along

the panel at its midwidth at a pressure, p = 20.0 psi.

Fig. 60 Comparison of the maximum strains in the panel predicted by PANDA2 and 203
STAGS

Fig. 61 (a) Distribution of normal displacement w across the width of the panel for 204

pressure, p = -20 psi;
(b) STAGS prediction of axial distributions of axial resultant N. and hoop

resultant NY at the panel midwidth.

Fig. 62 PANDA2 and STAGS predictions of the axial resultant N, at the center of 205
the panel.

Fig. 63 PANDA2 and STAGS predictions of the transverse ("hoop") resultant Ny at 206
the center of the panel.

Fig. 64 PANDA2 and STAGS predictions of the axial resultant N.tip at the tips of 207
the stringers that are not at the panel edges, at the midlength of the panel.

Fig. 65 PANDA2 predictions of the effect of pressure p on: 208
(1) how much of the average applied axial load N, is carried by the skin,
and
(2) local bifurcation buckling load factor and number of axial half waves

Fig. 66 PANDA2 predictions of the effect of pressure p on: 209
(1) average axial membrane prestress, NPX
(2) wide column buckling load factors N,,, obtained from theories in which:

(a) local postbuckling of the skin is neglected,
(b) local postbuckling of the skin is included,

(3) general instability as predicted by a PANDA-type (closed form) analysis.

Fig. 67 PANDA2 predictions of the effect of pressure on the wide column buckling 210
modes and load factors obtained with use of the discretized model of the
single panel module.

Fig. 68 PANDA2 predictions of the effect of pressure on load-end-shortening curves 211
for the uniformly axially compressed blade-stiffened panel.

Fig. 69 PANDA2 predictions of the effect of pressure on local bifurcation and growth 212

of the local normal displacement pattern in the postbuckling regime.

Fig. 70 PANDA2 predictions of the effect of pressure on the maximum transverse 213
strain ey in the panel skin next to the stringer.

Fig. 71 PANDA2 predictions of the effect of pressure on the maximum axial strain 214
er in the panel skin midway between stringers.

Fig. 72 PANDA2 predictions of the effect of curing on load-end-shortening curves for 215

the uniformly axially compressed blade-stiffened panel. Curing is simulated
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by heating or cooling the panel skin relative to the stringers, which in this
example are kept at ambient temperature (T=O).

Fig. 73 PANDA2 predictions of the effect of curing on local bifurcation and growth 216
of the local normal displacement pattern in the postbuckling regime.

Fig. 74 PAN DA2 predictions of the effect of curing on the maximum transverse strain 217
CY in the panel skin next to the stringer.

Fig. 75 PANDA2 predictions of the effect of curing on the maximum axial strain e. 218
in the panel skin midway between stringers.

Fig. 76 PANDA2 predictions of the effect of curing temperature on: 219
(1) the amount of axial bowing
(2) the average thermal resultant in the panel skin

Note that the temperature scale is inverted: minus at the top.
Fig. 77 PANDA2 predictions of the effect of curing temperature on: 220

(1) the percentage of applied axial load carried by the panel skin,
(2) the bifurcation buckling load factor for local buckling of the bowed, ther-
mally prestressed panel.

Note that the temperature scale is inverted: minus at the top.
Fig. 78 ARIANE4 interstage between stage 2 and stage 3. The cylindrical shell is 221

reinforced by external stringers and internal rings.
Fig. 79 Applied moment M, axial compression P, and shear S; assumed resulting 222distribution of line loads N3, and N,Y in the shell; and replacement of the actualcomplete cylindrical shell with circumferentially varying line loads by a singlecylindrical panel spanning 40 inches of circumference with three separate loadsets, each of which acts alone and each of which has uniform line loads N.,

and N.Y
Fig. 80 Design concept to be optimized: External T-shaped stringers made of 223graphite-epoxy cloth and tape with thickened areas under the stringer web,and internal aluminum rings with spacing fixed at 26.75 inches. The spacing

of the stringers is to be determined, as well as the cross section dimensions
and thicknesses of the various composite laminae.

Fig. 81 Architecture of the PANDA2 mainprocessor. 224
Fig. 82 Flow of calculations in the PANDA2 mainprocessor for an optimization anal- 225

ysis.

Fig. 83 Schematic of the evolution of a design with two decision variables, X, and 226
X2. With each iteration, the optimizer, CONMIN, establishes a "window"of permitted excursion of the decision variables. In PANDA2 this "window"
shrinks by a factor of 0.8 for each design iteration. Upon re-execution ofPANDAOPT the "window" is re-expanded to its original size, which depends
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upon lower and upper bounds supplied by the user and certain strategies used
by CONMIN.

Fig. 84 Evolution of the panel weight during design iterations. There are 25 iterations 227
with use of the closed-form PANDA-type [11 models (IQUICK = 1), followed
by 75 iterations with use of the discretized BOSOR4-type panel module mod-
els plus the PANDA-type models (IQUICK = 0). In these latter iterations
local postbuckling IS permitted (KOITER = 1).

Fig. 85 Evolution of the cross section dimensions in the all-composite T-shaped 228
stringers during design iterations. Local postbuckling IS permitted (KOI-
TER = 1). The rather unstable behavior in the IQUICK=O regime results
from optimum designs being sought in the early postbuckling regime, in which
the behavior of the panel (stress, internal load distribution) changes steeply
with change in panel dimensions.

Fig. 86 Evolution of the thicknesses of the 12-layer default stacking sequence 190/45/0/ 229
-45/0/90], during design iterations. Local postbuckling IS permitted (KOITER

= 1).

Fig. 87 Evolution of the thickness of the graphite-epoxy cloth and of the 0-degree 230
layers in the stringer base and in the flange during design iterations. Lo-
cal postbuckling IS permitted (KOITER = 1). Blackened points represent
feasible or almost feasible designs.

Fig. 88 Evolution of design margins corresponding to Load Set I (N, - 3000 lb/in, 231
N,V = 0) during iterations. Local postbuckling IS permitted. The most
critical margins are wide column buckling and stringer pop-off.

Fig. 89 Evolution of design margins corresponding to Load Set 2 (N, = -1000 lb/in, 232
N,:y = 1000 lb/in) during iterations. Local postbuckling IS permitted. The
most critical margins are wide column buckling, stringer pop-off, and max-
imum tensile stress in the cloth in the peaks of the local buckles midway
between stringers.

Fig. 90 Selected optimum design for the case in which local postbuckling IS permit- 233
ted, showing (a) discretized panel module model, and (b,c) buckling modes
and load factors corresponding to Load Set 1. (b) local buckling mode and
load factor, and (c) wide column buckling mode and load factor. The mode
shapes vary as sin(M7rx/L) along the axis of the panel, where L is the ring
spacing.

Fig. 91 (a) Multi-segment, branched BOSOR4 model of the optimized panel gener- 234
ated by the PANEL processor (local buckling IS permitted), and (b,c) buckling
modes corresponding to Load Set 1. (b) Lowest buckling mode represents
a kind of local buckling because the stringer web lines of attachment to the
panel skin do not move very much. (c) Second buckling mode represents a
form of general instability. The load factor, A2 = 1.515 should be compared
with the wide column buckling load factor AWIDE COLUMN = 1.528 given
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in the previous figure. In (b) and (c) the mode shapes vary as sin(MIx/L)
along the axis of the panel, where L is the ring spacing.

Fig. 92 Evolution of the panel weight during design iterations. Local postbuckling is 235
NOT permitted (KOITER = 0).

Fig. 93 Evolution of design margins corresponding to Load Set 1 (N, =- - 3000 lb/in, 236
N.Y = 0) during iterations. Local postbuckling is NOT permitted. The most
critical margin is wide column buckling.

Fig. 94 Evolution of design margins corresponding to Load Set 2 (N., - 1000 lb/in, 237
N, -= 1000 lb/in) during iterations. Local postbuckling is NOT permitted.
The most critical margin is local buckling.

Fig. 95 Final optimum design for the case in which local postbuckling is NOT permit- 238
ted, showing (a) discretized panel module model, and (b,c) buckling modes
and load factors corresponding to Load Set 1. (b) local buckling mode and
load factor, and (c) stringer side-sway buckling mode and load factor. The
mode shapes vary as sin(m7rx/L) along the axis of the panel, where L is the
ring spacing.

Fig. 96 (a) Multi-segment, branched BOSOR4 model of the optimized panel gener- 239
ated by the PANEL processor (local buckling NOT permitted, and (b,c,d)
buckling modes corresponding to Load Set 1. All three buckling modes rep-
resent side-sway of the T-shaped stringers, and not wide column buckling.
The mode shapes vary as sin(m7rx/L) along the axis of the panel, where L is
the ring spacing.

Fig. 97 Graphite-epoxy cloth and tape T-shaped stringer with aluminum insert. The 240
purpose of the aluminum insert is to greatly increase the maximum allowable
web peel force, which was only 100 lb/in in the previous design and is 1000
lb/in in this design. It was initially conjectured that such a concept will
lead to greater weight reduction for panels designed to operate in the locally
postbuckled regime. Results, however, show that although optimized designs
of the panel can operate in the far-locally-postbuckled regime, these designs
are not significantly lighter than those obtained without the aluminum insert.

Fig. 98 Final optimum design for the case in which local postbuckling IS permitted, 241
showing (a) discretized panel module model, and (b) local buckling mode
and load factor corresponding to Load Set 1. The mode shape varies as
sin(M7rx//L) along the axis of the panel, where L is the ring spacing. Since
the load factor for local buckling is ALOCAL equals 0.339, the optimum panel
is designed to operate at an axial load close to three times the local buckling
load.

Fig. 99 Final optimum design for the hat-stiffened panel for the case in which local 242
postbuckling is NOT permitted, showing (a) discretized panel module model,
and (b,c) buckling modes and load factors corresponding to Load Set 1. (b)
local buckling mode and load factor, and (c) wide column buckling mode and
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load factor. The mode shapes vary as sin(M7rx/L) along the axis of the panel,

where L is the ring spacing.

Fig. 100 (a) Multi-segment, branched BOSOR4 model of the optimized panel gener- 243

ated by the PANEL processor (local buckling NOT permitted, and (b,c,d,e,f) buckling

modes corresponding to Load Set 1. All five buckling modes represent panel buck-

ling between rings in which stringers and panel skin participate. The load factors are

close to that predicted from the PANDA-type model for buckling between rings with

smeared stringers. The mode shapes vary as sin(7rx/L) along the axis of the panel,

where L is the ring spacing.
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1.0 PURPOSE OF PANDA2

The purpose of PANDA2 is to find the minimum weight design of a stiffened fiat or curved,

perfect or imperfect, panel or complete cylindrical shell made of laminated composite

material. Of course, simple isotropic panels and cylindrical shells can also be designed.

1.1 DEFINITION OF "PANEL"

A panel is defined here as a structure that is either fiat or is part of a cylinder. In most

cases the user will probably want to analyze a flat panel or a panel that spans less than

about 45 degrees of circumference. However, in PANDA2 complete cylindrical shells can

be treated by the user's setting up a model of a panel that spans 180 degrees. The buckling

loads given by PANDA2 for half of a cylindrical shell are the same as those given in the

literature for a complete cylindrical shell because:
1. the panel is assumed by PANDA2 to be simply supported along its straight edges,

and
2. a deep cylindrical panel spanning 180 degrees of circumference with simple supports

along the generators at 0 and at 180 degrees behaves in the same way as a complete

cylindrical shell: The number of circumferential half-waves in the 180-degree panel

in the critical general instability buckling pattern is the same as the number of full

circumferential waves in the 360-degree cylindrical shell.

Later an example is given in which a complete cylindrical shell with a single set of

axial and shear loads that vary around the circumference is analyzed as a curved panel

spanning 45 degrees and subjected to multiple sets of uniform loads. The panel is optimized

for two combinations of in-plane loads: that corresponding to maximum axial compression

and that corresponding to maximum in-plane shear. It is usually best to treat complete

cylindrical shells in this way rather than try to set up a model for the entire cylinder,

because buckling is usually local and concentrated in the areas of maximum load and

because PANDA2 Was really intended to treat panels, not complete cylindrical shells.

Therefore, it is best applied to panels.

In PANDA2 the curved edges of a cylindrical panel lie in the plane of the screen (axial

coordinate x = 0) and parallel to the plane of the screen (axial coordinate x = L, where

L is the length of the panel). The axial coordinate direction x is normal to the plane of

the screen and pointing out of the screen. Thus, an axial load on the panel is normal to

the screen, with axial tension pointing out of the screen.

The width of the panel is the arc length along the curved edge. For example, the

width of a deep cylindrical panel spanning 180 degrees is 7rR, where R is the radius of

curvature. The coordinate in the width direction is called y. In the following, this direction

is referred to with use of the words "circumferential" or "hoop" or "transverse".

The properties of the panel are assumed to be uniform in the axial (x) direction and

periodic in the circumferential (y) direction. The panel may be unstiffened, stiffened by

stringers alone, stiffened by rings alone, or stiffened by both rings and stringers. Stiffeners

referred to as "stringers" are always normal to the screen; stiffeners referred to as "rings"

always lie in the plane of the screen or parallel to the plane of the screen. Both stringers
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and rings must be uniformly spaced. All stringers must be the same. All rings must be
the same. The rings can be different from the stringers.

1.2 TYPES OF STIFFENERS

PANDA2 can handle panels with stringers and/or rings with the following cross sections:
1. T-shaped
2. J-shaped (angle with flange away from skin)
3. Rectangular (blade stiffeners)
4. Hat-shaped or corrugated stiffeners

The portion of the panel skin near the stiffeners can have different properties than those
of the panel skin away from the stiffeners. For example, optimum designs of panels with
T-shaped stringers have thickened bases under the stringers that help to prevent fracture
or delamination along the attachment line of the stringer to the skin. Figures 1 and 2 show
an example of a flat panel with T-shaped stringers.

1.3 BOUNDARY CONDITIONS

In the PANDA2 system the panel is assumed to be simply supported along the two edges
normal to the plane of the screen (at y = 0 and at y = panel width). The panel can be
either simply supported or clamped along the other two boundaries (at x = 0 and x =
L), but the conditions must be the same at both of these two boundaries. The PANDA2
analysis is always performed for simple support on all four edges. However, experience
has shown that clamping at x = 0 and at x = L can be simulated by the analysis of
a shorter simply supported panel: A panel clamped at x = 0 and x = L has general
instability loads approximately equal to those of a panel simply supported at x = 0 and
x = L/3.851/ 2 . Therefore, in PANDA2, clamping at x = 0 and x = L is simulated by
calculation of general instability or wide column instability of a simply supported panel
with length equal to L/3.851/ 2 .

In PANDA2 local buckling behavior and local stress concentrations near stiffeners are
assumed to be independent of the boundary conditions along the four panel edges. This
is a good assumption if there are more than two or three halfwaves in the local buckling
pattern over the length and width of the entire panel.

1.4 LOADING

The panel can be loaded by up to five independent sets of in-plane loads, N,, NY, and N,,y,
and normal pressure p. Buckling loads, postbuckling behavior, and maximum stresses are
calculated for each of the five load sets applied by itself. Optimization is global, that is,
PANDA2 determines the best design that is capable of surviving all of the five load sets
when each set is applied separately, as it would be during different phases of a panel's
lifetime or over different areas of a large, uniform structure such as a complete cylindrical
shell. Associated with each of the five independent load sets, there can be two load subsets,
Load Set A and Load Set B. Load Set A consists of what are termed in the PANDA2 output
as "eigenvalue loads": These are loads that are to be multiplied by the critical buckling
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